Assessing young children's physical activity and sedentary behavior can be challenging and costly. This study aimed to assess the validity of a brief survey about activity preferences as a proxy of physical activity and of a 7-day activity diary, both completed by the parents and using accelerometers as a reference measure. Thirty-four parents and their children (aged 3-5 years) who attended childcare centers in Sydney (Australia) were recruited for the study. Parents were asked to complete a 9-item brief survey about activity preferences of their child and a 7-day diary recording the child's physical activity and sedentary behaviors. Both measures were compared with accelerometer data collected from the child over the same period as the diary survey. The findings suggest that parent completed diaries have acceptable correlation coefficients with accelerometer measures and could be considered in future research assessing physical activity and sedentary behavior of children aged 3-5 years.
questionnaires for assessing physical activity levels in preschool aged children. Self-report instruments have been used in many studies examining adult populations but the use of self-report data are not recommended for children less than ten years old (1, 16, 24) . Direct measures such as observation and accelerometers can be used but are often not feasible in large epidemiologic studies. In addition, with no standardized measure of physical activity developed for preschool-aged children, it is impossible to compare the results generated by different studies (3, 4, 11, 12, 14, 15, 21, 22, 32) .
There have been several attempts at developing a valid and reliable physical activity measures for older children (aged 9-16) with varying success (6, 9, 17, 25, 30, 33) . A few validation studies with young children (aged 4-8 years) have been conducted with limited results but none, to our knowledge, have exclusively examined preschool-aged children.
For example, Janz et al. conducted a validation study of the Netherlands Physical Activity Questionnaire for Young Children (NPAQ) with children aged 4-7 years, showing some evidence of validity with a global report of children's everyday activity preferences compared with a criterion of accelerometry (13) . Burdette et al. suggested that parental recalls of their children's activity behaviors could be a surrogate measure of physical activity in preschool children (4) . Equally, Harro found significant correlations between two proxy report questionnaires completed by parents and teachers of children aged 4-8 and both a heart rate monitor and accelerometer measure (10) . These results suggest that proxy reports are potentially useful for assessing physical activity in young children.
There is an urgent need to develop a validated low cost measure of physical activity in young children that can be easily administered at a population level (2) . The aims of this study were to assess the validity of a brief survey about activity preferences as a proxy of physical activity and of a 7-day diary of children's physical activity and sedentary behavior completed by parents using accelerometers as the reference measure.
Methods

Study Design
This validation study was part of the Growing Up Active (GUA) research into children's physical activity in the childcare setting (reported elsewhere; 5). The study was conducted in late 2007 and early 2008 and was approved by the research ethics committee of Sydney South West Area Health Service. All participating parents provided written informed consent for their children's participation.
Study Participants
Twenty childcare centers in inner west Sydney (Australia) were invited to express interest in participating in the GUA study. Five centers volunteered and these varied in size, socioeconomic status and cultural background of the children. Ninety-five parents of children aged 3-5 years attending the five participating centers were then invited to take part in the GUA study with a letter giving detailed information about the study. Children with medical conditions and/or physical disabilities were excluded from the study. Seventy four parents completed the GUA study, of whom 44 also agreed to participate in this validation study. Of the 44 participants of this study, 13 were excluded from the analyses due to incomplete data for the outcome measures.
Measures
Participating parents were mailed the study materials including detailed instructions on how to complete the brief survey and diary, and how to use the accelerometer. A prepaid envelop was also included for parents to return the study materials.
The Brief Survey on Activity Preferences. Table 1 shows the 9-item survey about activity preferences. The survey asks parents about their child's everyday activity preferences and gives an indication of usual activity patterns. Parents were asked to score each item from '1' to '5'. This brief survey is based on the Netherlands Physical Activity Questionnaire (NPAQ; 13). The NPAQ is a 7-item questionnaire with a separate question concerning screen time. In our version, the separate question on screen time was converted into an item with a '1' to '5' response scale consistent with the other items. This was done to assess whether the scale was an appropriate measure for sedentary behavior. The item 'has few/many friends' was also added based on findings from our formative research involving focus groups with childcare staff. The original Item 3 from NPAQ was altered from "Likes/Dislikes sports" to "Likes/ Dislikes swimming" because the findings from our focus groups suggested that preschool-aged children, in Sydney, Australia, are more likely to participate in swimming lessons compared with organized sports.
The 7-Day Diary on Children's Physical Activity and Sedentary Behavior. The 7-day diary on children's physical activity and sedentary patterns was adapted from the Children's Leisure Activities Study Survey (CLASS; see Table 2a and 2b; 29). CLASS asked parents to report their child's usual behavior and gave an extensive list of choices. A diary was used in our study because it was felt that it would provide more accurate data given that younger children are likely to change their activities frequently, rather than have a usual routine. Inappropriate CLASS items were removed and similar items were grouped together based upon the findings from our focus groups with childcare center staff and the carers. Parents were asked to complete the diary at the end of each day during the same week that the child wore Accelerometers. The Actigraph GT1M accelerometer (Actigraph, LLC, Fort Walton Beach, FL) is an objective measure of the physical activity and sedentary behavior and was used as the criterion measure. Accelerometers have been shown to be suitable for children between the ages of 3 and 5 years (20) . The Actigraph is a single axis accelerometer that records activity counts and steps taken, which were stored every 15 s. This enabled the accelerometers to capture short intermittent bursts of activity, which are characteristic of young children (32) . Participating children wore the accelerometer on their right hip for a period of 7 days (only taking it off during sleep and water-based activities). Staff at participating childcare centers were briefed (both verbally and through written instruction) about the use of the accelerometer by participating children at the center.
Statistical Analysis
Statistical analyses were carried out using SPSS (Version 16.0; 28). A total sum score of the brief survey was calculated for each child. For the purpose of analysis, the diary was divided into active and sedentary activities. Physical activity was subdivided into walking and other moderate and vigorous physical activities. Total time spent in physical activity and sedentary behaviors were calculated and then averaged over the number of diary days completed. Participants who completed less than 4 diary days were excluded from the analysis (n = 4).
The accelerometer measured total activity counts and steps taken. From the activity counts, time spent in sedentary, moderate and vigorous intensity activities was calculated using accelerometer count cutoffs for 3-5 year old children (27) . Periods with consecutive zero counts of at least 60 min were considered as time that the child did not wear the accelerometer. To be included in the validity analysis, children had to have at least four days with at least 8 hr per day of wearing the accelerometer. Those with fewer than 4 days of data were excluded from the analysis (n = 13). Descriptive statistics including mean, median and range for each measure were calculated. Spearman rank correlation tests were conducted to examine the correlations of the brief survey and diary with the accelerometer. Spearman's rho correlation coefficients () were presented, and the statistical significance level was set to p < .05.
Results
Study Participants
Complete data were available for all three measures (the brief survey, diary and accelerometer measure) for 31 children. The participant characteristics are presented in Table 3 . Children's mean age was 3.5 years and 61% were boys. The majority of survey respondents were mothers (91%) and 74% of parents had a tertiary degree. Forty-two per cent of participants spoke a language other than English at home (including Arabic, Greek and Mandarin), but all participants could read and write in English. Table 4 shows the physical activity and sedentary behavior outcomes from the brief survey, the diary, and the accelerometer. The total score for the brief survey ranged from 22 to 38 with a mean score of 30 (SD = 4).
Physical Activity and Sedentary Time
Data collected from the diary shows children spent on average 32 min per day walking and 126 min per day on other moderate and vigorous physical activities. Children spent an average of 69 min per day (SD = 48) on small screen activities (watching TV, playing computer games) and had an average total sedentary time (excluding overnight sleep) of 244 min per day.
The average activity counts recorded by the accelerometer was 412 kilocounts per day. Children took an average of 8,957 steps per day. The accelerometer also estimated that children spent 27 min per day in moderate and 7 min in vigorous physical activity. According to the accelerometer the average sedentary time spent by children was 630 min per day, excluding the time the child did not wear the accelerometer (i.e., during over night sleep).
Criterion Validity
The results of Spearman rank correlation test comparing the brief survey and the 7-day diary to the accelerometer are shown in Table 5 . The total score of the brief survey on activity preferences was positively correlated with the activity counts and steps recorded by accelerometer (0.22 and 0.25, respectively). However, the survey was not correlated to sedentary time, moderate, or vigorous activity as assessed by the accelerometer.
Walking time recorded by the diary showed a Spearman correlation of 0.25 with steps taken assessed by the accelerometer. Total physical activity assessed by the diary showed a correlation of 0.23 with the combined time spent in moderate and vigorous physical activity as assessed by the accelerometer. Time spent in sedentary behavior recorded by the diary was also positively correlated with sedentary time assessed by the accelerometer (=0.24). 
Discussion
In this validation study we found that the brief survey on activity preferences was positively correlated with activity counts and steps assessed by accelerometer, but showed no correlation with moderate and vigorous activity as recorded by the accelerometer. These results seem to suggest that the brief survey might be able to rank children according to their overall activity behavior, but does not appear Note. PA = Physical activity to be suitable to rank children for health enhancing physical activity (moderate + vigorous intensities). The 7-day diary on children's physical activity and sedentary behavior showed correlations with the accelerometer outcomes measures that were similar to those generally found in physical activity recall questionnaires for adults (26) . Hence, the parent diary appears to be suitable for measuring physical activity and sedentary behavior in preschool children. The diary seems particularly useful to rank children by activity and sedentary levels, but similarly to other self report tools, the diary overestimated time spent in physical activity and underestimated sedentary time compared with the accelerometer. The brief survey used in this study was adapted from the Netherlands Physical Activity Questionnaire. Our finding was consistent with a previous validation study conducted by Janz et al. in 2005 in which they found some support for validity of the Netherlands Physical Activity Questionnaire (rho = 0.33, p < .01) in a study with 204 children aged 4-7 years (mean age = 5.7; 13). In our analysis we have also looked into the correlations between the sum score of the brief survey and accelerometer measures, excluding the two survey item with the lowest inter item correlations "like/dislike TV/video" or/and "has few/many friends". The results did not change significantly. The 7-day diary on children's physical activity and sedentary patterns was adapted from the Children's Leisure Activities Study Survey (CLASS; 29). A previous study reported that the CLASS showed good reliability but poor validity for assessing physical activity among children aged 5-6 and 10-12 using accelerometers as the criterion measure. The modified diary used in this study has been designed to capture the type, frequency and duration of physical activity of children, as well as their sedentary behaviors. It was designed for easy use by parents and carers. Although the diary poses some time burden on parents, it appears to have the potential to be administered at a population level, especially as there are no self/ parent-report physical activity and sedentary behavior measures with reasonable validity available for preschool children.
Although accelerometers are often used as objective physical activity measures, they are not a gold standard and underestimate upper body movements and movements with a weak vertical component such as cycling (7, 8) . However, there is no 'gold standard' to assess free-living physical activity and sedentary behavior, especially not in the under-researched population of preschool children.
Another limitation of this study was the relatively small sample size. Therefore, the statistical power to detect significant correlations between the brief survey, diary and accelerometer was limited. Further stratified analyses (e.g., analyses by child's age and gender) were not possible because of this limited sample size.
The main strength of this study was that it assessed the validity of two measures of physical activity and sedentary behavior in a population (preschool children) where there is a lack of well evaluated measures of these behaviors. The study provided some evidence that the 7-day parent diary might be well suited to assess physical activity and sedentary behavior in preschool children. However, further validation in a larger representative sample is needed to determine if the diary could be successfully used in future research to accurately assess physical activity and sedentary behavior in children aged 3-5 years. On the other hand, the brief survey on activity preferences appeared to be not suitable to assess health-enhancing physical activity levels in preschool children.
